where q is the fundamental electron charge,  is the frequency of probing light, 0 is the permittivity of free space, m* are the conductivity effective masses,  are the carrier mobilities, Nmajority,dark is the carrier concentration of the majority carriers measured under dark conditions, and ΔNmajority,photogenerated = ΔNminority,photogenerated are the equal contributions from photogenerated majority and minority carriers. The transport parameters of both minority and majority carriers for each layer are determined from the parameterization of free carrier absorption observed under illumination using these two Drude oscillators.
In the dark condition measurement, the majority carrier concentration is much greater than that of the minority carrier concentration. The model simplifies to: 
).
MINORITY CARRIER LIFETIME CALCULATION
Minority recombination lifetime for each mechanism is given by:
where n or p represents the photogenerated carrier concentrations and Ur represents the mechanism recombination rate. Dopant and photogenerated carrier concentrations are reported in Table 1 . For the ntype Si emitter, dopant electron concentration is n = 3.6  10 18 cm -3 and photogenerated carrier concentrations are n = p = 7.6  10 16 cm -3 . For the p-type Si wafer, dopant hole concentration is p = 7.6  10 15 cm -3 and photogenerated carrier concentrations are n = p = 2.2  10 14 cm -3 . For Si, the effective intrinsic carrier concentration is nieff = 1.1  10 10 cm -3 . For the phosphorus doped n-type Si emitter, the equilibrium electron (n0) and hole (p0) concentrations are n0 = 2.8  10 18 cm -3 and p0 = 144 cm -3 . For the boron doped p-type Si wafer, p0 = 7.56  10 15 and n0 = 1.42  10 4 cm -3 . Temperature is T = 300 K. . 1 (i) 3.6  10 18 cm -3 uniform carrier concentration (ii) 5.7  10 18 cm -3 peak carrier concentration for an exponential profile; determined assuming an average 3.6  10 18 cm -3 carrier concentration (iii) 4.9  10 18 cm -3 peak carrier concentration for a Gaussian profile; determined assuming an average 3.6  10 18 cm -3 carrier concentration (iv) 7.5  10 18 cm -3 peak carrier concentration for a Gauss error function profile; determined assuming an average 3.6  10 18 cm -3 carrier concentration 
